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Introduction
The first obvious statement is that the mammary gland is an intriguing structure, and that its development is one of the most fascinating aspects. During the lifetime of the animal the mammary gland probably undergoes more and greater changes in size, structure, composition and activity than any other tissue or organ. These changes start during fetal life and continue even after the gland has reached maturity since it waxes and wanes during successive reproductive cycles. In its most advanced state, that of full lactation, the gland possesses vast numbers of specialized secretory cells (parenchyma) together with supporting connective and adipose tissue (stroma); it may produce considerably more than its own weight of secretion every day or, in energetic terms, as many joules per day as it contains in its own mass.
The second obvious statement is that the actual yield of milk is a function of the amount produced by each secretory cell (which must be subject to a fixed maximum, but as yet unknown, value) and the number of secretory cells. Hence those factors which determine the epithelial cell population are crucial to the control of milk production.
The control of mammary growth is a complex process involving factors intrinsic to the gland (local control) or the whole animal (systemic control) as well as external influences such as environment, climate and diet. Furthermore, it now appears that the gland has an important controlling role in its own right since it has considerable influence on reproductive processes in at least one species. Thus although mammary development has been studied for many years (and the hormonal requirements for mammary development form a classic of endocrinology) there is undoubtedly much left to discover, in qualitative as well as quantitative terms. In this article, we shall first describe the pattern of development of the gland, then discuss the control of development, and finally consider the gland as a controller rather than as the controlled.
Pattern of development
Measurement ofmammary development A number of techniques are available for the study of mammary growth. Depending on the species and the stage of glandular development, one, all or none of these methods may be applicable (see Munford, 1964) .
Measurement of gross size (volume) of large glands may be achieved simply by water displacement à la Archimedes (see Linzell, 1966) . This technique gives a relatively reliable indication of the functional size of the lactating gland in some species (e.g. goats, dairy cows) but not in others in which there is a high ratio of stroma to parenchyma (e.g. man) or in conditions in which this ratio is high or in animals in which the glands are relatively inaccessible.
Measurement of the gross or defatted weight of glands removed, for example from small laboratory animals, takes no account of the changing composition of the gland, leading to problems with the non-lactating gland (particularly with respect to adipose tissue) and the lactating gland, owing to variation in the amount of retained milk.
Morphometric Cowie, Forsyth & Hart, 1980) , but it does have one severe limitation in that it determines all cells rather than specifically measuring the lobulo-alveolar or secretory cells. This is not a major problem during pregnancy and lactation when the epithelial cell population is changing dramatically but that of the non-secretory portion is almost static (Paape & Sinha, 1971 (Peaker, 1980) . Changes in this capacity, which is relatively easy to determine in goats, may reflect changes in the total size of the alveolar portion of the gland. However, the most exciting prospect is to be able to identify compounds which are specifically utilized or produced by proliferating cells and others which are unique to dying cells. By measuring the uptake or output of such compounds in vivo (using arterio-venous difference techniques) it would be possible to monitor changes in the rates of cell proliferation and cell loss. The observation that pteridine and its derivatives are excreted by proliferating cells (Wächter, Hausen, Reider & Schweiger, 1980) Comparative studies of mammary development in the fetus have recently been reviewed by Cowie et al (1980) , and the process is not considered in detail here. In mice and rabbits the earliest changes are brought about by morphogenetic movement of cells rather than by proliferation (Balinsky, 1950) (Dossett, 1960) . Histological studies reveal extensive duct growth early in life. Korfsmeier (1979) has measured the proliferative activity of neonatal mouse mammary tissue; activity was high on Day 2, then decreased, but rose again from Day 10 to achieve a labelling index of 10% which was maintained for several weeks. In rats, mammary growth is initially isometric but an allometric phase commences after weaning at Days 21-23; the latter is dependent on intact ovaries although it precedes puberty by several weeks (Cowie, 1949) .
Measurement of DNAt in heifers also indicates a switch from isometric to allometric growth well in advance of puberty (Sinha & Tucker, 1969) .
Fluctuations in mammary cell proliferation related to the oestrous cycle have been detected in pubertal mice, hamsters and rats, although unfortunately none of these studies included comparative data from prepubertal animals. Release of oestrogens during pro-oestrus stimulates DNA synthesis (Sutton & Suhrbier, 1967) which is followed by mitosis during late oestrus and metoestrus (Grahame & Bertalanffy, 1972 ). Korfsmeier's (1979) (Sinha & Tucker, 1966 , 1969 . Accordingly, the overall increase in cell number during each cycle is small and is generally only incremental for a few cycles. Furthermore, since the collagen content also increases (Paape & Sinha, 1971 ) the ratio of parenchyma to stroma remains low.
Pubertal mammary development in man is rather different, as all will have realized at some stage of their development. The size of the breast-a secondary sexual character in this species-increases markedly and often very rapidly (Marshall & Tanner, 1969) Short & Drife, 1977) .
Mammary development duringpregnancy
It has been estimated that 94% of all mammary growth takes place during gestation in the hamster (Sinha, Anderson & Turner, 1970) , 78% in the mouse (Brookreson & Turner, 1959) and sheep (Anderson, 1975b) , 66% in the rabbit (Lu & Anderson, 1973) and 60% in the rat (Griffith & Turner, 1961 (Knight & Peaker, 1982b) . It would appear, therefore, that mammary cell number increases in an exponential fashion during gestation in these two species. The mouse has a cell population doubling time of 6 days; in the rat it is somewhat longer. Our own results and those of Traurig (1967a) for the mouse and Grahame & Bertalanffy (1972) for the rat indicate that the proportion of dividing cells declines during the second half of pregnancy; thus in order to maintain exponential growth the time taken for each cell to divide must decrease, as is known to occur under the influence of ovarian steroids (Bresciani, 1971) .
The site(s) of cell proliferation within the growing gland are not known for certain. Bresciani (1971) produced autoradiographs showing that DNA-synthesizing cells were present only in the terminal structures (end buds) of the duct system in virgin mice, whereas during pregnancy cells of the ducts themselves were also capable of division. He was also of the opinion that there were no specific foci of division within individual alveoli, although as far as we are aware this point has never been satisfactorily investigated. There is little evidence for the existence of a stem cell population within the mammary gland, although Devore (1977) Marked changes occur in the mammary gland towards the end of gestation. In the mouse individual epithelial cell size increases markedly (Foster, 1977) (Mayer & Klein, 1961) , but recent evidence has shown that this may not be so (Franke & Keenan, 1979) .
In the guinea-pig there is relatively little change in DNA, during gestation, but there is a large increase within 2 days after parturition (Nelson, Heytler & Ciaccio, 1962) . This may result from a wave of mitosis pre partum rather than from proliferation during lactation. The glands of rabbits apparently increase in size and DNA content late in lactation (Lu & Anderson, 1973) , although studies of [3H]thymidine labelling index have failed to detect any increase in cell proliferation at this time.
What happens in the large domestic species? DNA concentration remains relatively unchanged during early lactation in the sheep (Anderson, 1975b) , goat (Anderson, Harness, Snead & Salah, 1981) and cow (Baldwin, 1966) (Nagasawa & Yanai, 1976) .
The normal pattern of events is for the lactation to run its course, after which the gland involutes, or regresses. Cessation of lactation may be brought about by increased intramammary pressure due to non-removal of secretion, as in goats (Peaker, 1980) or to removal of the hormonal galactopoietic stimulus after suckling ceases, as in rats (Hanwell & Linzell, 1972) . RNA, starts to fall within 12 h of weaning in rats, the fall in DNA, (loss of cells) starts 24-36 h later and lasts for up to 20 days (Ota, 1964) . A period of involution is an essential pre-requisite for successful redevelopment and subsequent lactation (cows milked continuously until parturition yield considerably less milk than normal in the next lactation (Wheelock & Dodd, 1969) 
Systemic endocrine control
We shall be relatively brief in this section, not because the topic is an unimportant one but because we have little in the way of new information to add to a subject that has been extensively reviewed before (see Cowie et al, 1980) .
The mammotrophic functions of prolactin, growth hormone, progesterone, oestrogens and corticosteroids were established initially by gland extirpation and hormone replacement experiments in immature rats (Lyons, 1958) . The same hormones also promote mammary development in intact, virgin domestic animals (see review by Meites, 1961) (Haslam & Shyamala, 1979) , although they are found in lactating goat tissue (Markland & Hutchens, 1977 (Meites et al, 1972) but also have a localized effect on mammary tissue, sensitizing it to the action of prolactin possibly by inducing prolactin receptors (Nagasawa & Yanai, 1971a) . Hormone action at the intracellular level is still only poorly understood, and is obviously an important area for future research. Two other hormones, thyroxine and relaxin, have been implicated in the control of mammary growth. Mammary growth is inhibited and accelerated in young hypo-and hyper-thyroid rats respectively (Vonderhaar & Greco, 1979) . This is most probably a result of the action of thyroxine on general metabolism, rather than a direct effect on the gland. Relaxin synergizes with pituitary and ovarian hormones to stimulate growth in young ovariectomized-hypophysectomized rats (Harness & Anderson, 1977) but inhibits steroidinduced mammary development in virgin goats (Cowie et al, 1965) Anderson, 1975a) or only partly inhibited (e.g. goats: Buttle, Cowie, Jones & Turvey, 1979;  sheep: Denamur & Martinet, 1961) . Ovariectomy or fetectomy of pregnant rats and mice has no significant effect on mammogenesis, either, provided that the placentae remain intact; if the placentae are removed then mammogenesis ceases (Desjardins, Paape & Tucker, 1968) . Placental extracts also stimulate mammary growth in hypophysectomized, ovariectomized virgin rats when given together with steroids (Ray, Averill, Lyons & Johnstone, 1955) , and, in vitro, growth of mammary expiants is promoted by co-culture with placental fragments (Forsyth & Jones, 1976) .
Placental lactogen concentrations have been measured in some species using specific radioimmunoassays, and total lactogenic activity (i.e. placental lactogen plus prolactin) has been measured by radioreceptor assay or bioassay in others. For technical reasons it is not entirely valid to subtract immunoreactive prolactin from total lactogenic activity to obtain values for placental lactogen, although in those species in which very little prolactin is secreted during pregnancy, total lactogenic activity may be equated to placental lactogen. Generally speaking, placental lactogen cannot be detected during the first third of gestation, but from then on its concentration rises and is maintained at a high level until just before parturition (Kelly, Tsushima, Shiu & Friesen, 1976 Hayden, Thomas & Forsyth (1979b) demonstrated a positive correlation between mean placental lactogen concentration during the second half of gestation and milk yield in the succeeding lactation. The hormone concentration was also related to the number of fetuses carried, which was in turn related to the weight of the trimmed udder (largely lobulo-alveolar tissue) at the end of gestation. This is strongly indicative of an effect of placental lactogen concentration on mammary growth in this species. As with other hormones, several factors other than concentration may be important in regulating the action of placental lactogen. The same lactogenic hormone receptors that bind prolactin also bind placental lactogen, therefore the number of these receptors will be important, as will the affinity of placental lactogen for the receptor and the amount of competitive binding by non-biologically active compounds.
We suggested in the introduction to this section that fetal control of mammogenesis would be a desirable trait, and in placental lactogen we potentially have a mechanism whereby this could be achieved. Let us consider, from a theoretical point of view, the likelihood of demonstrating such an effect in different species. Firstly, it is not likely to be apparent in species which secrete large amounts of pituitary mammotrophic hormones (prolactin and growth hormone) throughout pregnancy, since the importance of placental lactogen would no longer be absolute. The only known species of this type is man; paradoxically, human placental lactogen is one of the best known placental lactogens and is highly active. Some species apparently produce little or no placental lactogen. Co-culture experiments have failed to detect lactogenic activity in the placentae of pigs and horses, and there are question marks for the dog and the rabbit. More information is needed before we can be sure of the source of peptide mammotrophic hormones in these species; if placental lactogen is indeed not present then the fetuses will be unable to influence mammogenesis in this fashion, although feto-placental oestrogen production must also be considered.
The fetal influence should be more marked in species which do not exhibit lactational mammary growth, since there is then no possibility of correction for inappropriate gestational development. It is less likely to be observed in species which give birth to immature young (e.g. marsupials) than in those with a long gestation period which bear mature young. The guinea-pig is a prime example of the latter type, but in this case the extreme maturity of the young at birth means that they are frequently able to take solid food immediately, which could be related to a lack of fetal control over mammary development. (Rattray, Garrett, East & Hinman, 1974) , an effect which may be mediated through placental lactogen since other experiments have shown that the hormone concentration is related to the number of fetuses carried (Taylor et al, 1980) . Placental lactogen secretion is unlikely to be simply a function of placental mass (and hence fetal number) in all species. Experiments in mice have demonstrated that fetal number and mammary growth are correlated up to a maximum of 8 feto-placental units; thereafter either placental lactogen secretion is not enhanced or the gland is unable to respond further to the hormone (Nagasawa & Yanai, 1971b) . Rats need a minimum of only 3 feto-placental units to ensure maximum mammary development (Anderson, 1975a) , and prolactin secretion may be enhanced in pregnant rats by self-licking of nipples, a phenomenon which is apparently necessary for normal mammogenesis, since if it is prevented mammary growth is reduced (Roth & Rosenblatt, 1968) . In guinea-pigs, mammary gland weight and milk yield at peak lactation are both correlated with the number of young born, rather than the number suckled (Davis, Mepham & Lock, 1979) , which is once again indicative of a fetal effect on mammogenesis.
In conclusion, it is well established that a peptide mammotrophic hormone is essential for normal mammogenesis in all species. In many it would appear that placental lactogen is quantitatively of greater importance than prolactin, and because placental lactogen secretion may be related to fetal number and mass, so the fetuses may exert considerable control over mammogenesis.
The influence of the sucking young on mammary development
In this section we shall consider the influence of the suckling stimulus on early lactational growth, mainly in the rat and mouse. Later in lactation the intensity of suckling may also affect preparation for the next lactation in concurrently pregnant and lactating animals, but this normally involves delaying or extending gestation rather than directly affecting mammogenesis.
There is a close correlation between the DNA content of rat mammary glands at peak lactation and the number of young suckled (Tucker, 1966) . The maximum young:gland ratio used was 1, hence we do not know that the amount of growth achieved (total DNA doubled between Days 1 and 16 of lactation) was actually the maximum possible. Also, it should be remembered that the differences in DNA content between groups with high and low suckling intensities were due in part to stimulation of growth in the former and in part to regression in the latter, which complicates any relationship between fetal number and lactational growth per se.
Our own results for mice show that post-parturient growth can indeed be stimulated by an increased number of young, but that this effect is limited to the first few days of lactation. Mammary cell proliferation peaks at 48 h post partum and is essentially over by the 5th day of lactation in mice (C. H. Knight & M. Peaker, unpublished) . We now have evidence to show that when gestational growth is decreased by reducing the number of fetuses carried experimentally, the animal will compensate by increasing the amount of growth occurring in early lactation if it is given extra young to suckle (young: gland ratio of 0-9), but will not if it only suckles its own, reduced-size litter (young:gland ratio of 0-4-0-5). We should like to suggest that those species that exhibit marked lactational mammary growth may be those which live a communal existence and which are known to cross-suckle readily, so that the number of young suckled may be greater than the number of fetuses carried. In other words, the lactational growth spurt may be a 'catch-up' mechanism for ensuring that yield is truly proportional to demand.
The rat results (Tucker, 1966) (Kratochwil, 1969) . If the normal mammary mesenchyma is replaced by salivary gland mesenchyma, the mammary epithelium will develop a salivary gland-like appearance, although this does not prevent it from differentiating and producing specific milk products if given the correct stimulus. Hence the effect of the mesenchymal factor is purely on morphogenesis; cytodifferentiation appears to be controlled by factors intrinsic to the epithelium. Mesenchymal-factor activity is reduced by collagenase, which is interesting in view of the fact that mature virgin mammary tissue shows a specific collagen requirement for extended growth in vitro (Wicha, Liotta, Garbisa & Kidwell, 1979 (Nicoli, 1965) .
The question of compensatory growth has been studied in guinea-pigs and goats, as well as in mice. Kuosaite (1965) claimed to have demonstrated compensation of the single remaining gland of hemimastectomized guinea-pigs during gestation, although we have been unable to repeat this result (Knight & Peaker, 1982a Franke & Keenan (1979) have shown that differentiated mammary epithelial cells are still capable of dividing, hence they must be prevented from doing so in some way, and the mammary chalone may be responsible for this. The lack of compensatory growth following partial mastectomy of mice and guinea-pigs suggests that the effect of the mammary chalone is purely a local one, although the same may not be true of goats. Also, if the lactating gland produces large amounts of chalone it may be secreted into the milk in sufficiently large quantities to affect the development of the mammary gland of the sucking young, a mechanism that was proposed many years ago when it was suggested that growth might be suppressed in young, sucking rats, rather than stimulated by prepubertal hormone release following weaning (Cowie, 1949 (Sykes, Wrenn & Hall, 1948) . Hormone-stimulated mammary growth is inhibited by a 50% reduction in food intake (Srivastava & Turner, 1966) , and protein deficiencies in the diet also lead to reduced mammary growth in virgin and pregnant rats (Pyska & Styczynski, 1979) .
Whether inappropriate nutrition acts directly on the gland or indirectly via an effect on general metabolism or on the production of specific hormones is not known, although the latter explanation is favoured since it is known that malnutrition affects the secretion of prolactin, growth hormone and thyroid hormones. We have studied the effect of short periods of starvation at mid-pregnancy or immediately post partum on mammary growth in mice. Starvation during pregnancy reduces mammary weight and DNA content at the end of the pregnancy, but the gland apparently recovers during early lactation since the growth rate of the litter is normal. 
